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* NOTICES * 

Japan Patent Office is not responsible for any 
dauciages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the semiconductor device 
which can constitute a surface channel type N type electric field effect type transistor (NMOS) and a P 
type electric field effect type transistor (PMOS) from a single polar gate electrode especially, and its 
manufacture method. 
[0002] 

[Description of the Prior Art] The integrated circuit with an MOS type semiconductor has the CMOS 

type in use which uses NMOS and PMOS complementary now. As a gate material of CMOS, contest 

polysilicon with which NMOS and PMOS introduced the impurity of N type is used. 

[0003] However, by PMOS, although it becomes a surface channel type by NMOS in this case, since the 

threshold of PMOS becomes more than -IV in a surface channel type case, buried-channel type PMOS 

structure is adopted. 

[0004] 

[Problem(s) to be Solved by the Invention] However, the influence of a short channel effect becomes 
remarkable with reduction of the gate length of an MOS transistor, and surface channel type PMOS 
which is easy to suppress a short channel effect attracts attention from the buried-channel type which a 
short channel effect tends to produce as detailed-ization of LSI progresses. 

[0005] However, since threshold voltage becomes more than - IV when contest polysilicon which 
introduced the impurity of N type is used as a gate material, surface channel type PMOS needs to 
introduce the impurity of P type into a gate electrode. It introduces into contest polysilicon which 
constitutes the impurity of P type for the impurity of N type in NMOS, and constitutes a gate electrode 
in PMOS, respectively at this time, therefore, these ion implantations at the time of gate electrode 
formation ~ having good control of striking a ball in any direction ~ etc. ~ the increase in the chip cost 
by the increase in the number of processes or production time, a threshold change according to the 
counter diffusion of these impurities of a gate electrode further, etc. have been a problem 
[0006] this invention was made in view of the above-mentioned situation, and aims at offering surface 
channel type the semiconductor device which can constitute NMOS and PMOS and its manufacture 
method by the single polar gate electrode. 
[0007] 

[Means for Solving the Problem] this invention offers the semiconductor device characterized by having 
the transistor which has a semiconductor substrate, the gate insulator layer formed in this semiconductor 
substrate front face, and a germanium electrode layer containing the germanium formed on this gate 
insulator layer in order to attain the above-mentioned purpose. 

[0008] Moreover, the process which forms a gate insulator layer on a semiconductor substrate in order 
that this invention may attain the above-mentioned purpose. The process which forms the germanium 
electrode layer containing germanium on this gate insulator layer, The process which forms the up 
electrode layer which consists of a polycrystal silicon layer or a compound alloy layer of a refractory 
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metal and silicon on this germanium electrode layer, The process which introduces an impurity into this 
germanium electrode layer, and the process which forms an offset insulating layer on an up electrode 
layer, The manufacture method of the semiconductor device characterized by having the process which 
carries out patterning of this offset insulating layer, an up electrode layer, and the germanium electrode 
layer, and forms a gate electrode, and the process which introduces an impurity into a semiconductor 
substrate and forms a source drain is offered. 

[0009] The semiconductor device of this invention has the feature in the point of using the material 
containing germanium as a gate electrode which touches a gate insulator layer. As for the germanium 
with which this invention person introduced the P type impurity, the work function found out that it was 
[ of the work function of N type silicon, and the work function of P type silicon ] middle mostly. 
Therefore, by using the germanium which introduced the P type impurity as a gate electrode material, 
threshold voltage will be lowered also to any of NMOS and PMOS, and ion implantation can be carried 
out, and the impurity of a conductivity type contrary to a substrate cannot be used as a buried-channel 
type, and let both NMOS and PMOS be the surface channel types with which the threshold fell. 
Therefore, surface channel type CMOS can be realized by the single polar gate electrode, and the short 
channelization effect of a buried channel can be suppressed. 

[0010] Since the processes which manufacture this semiconductor device are the usual MOS transistor 
manufacturing process and same process when the process which forms the germanium electrode 
containing direct germanium on a gate insulator layer is removed, they can skip the process which has 
good control of striking the impurity of a gate electrode in any direction, and can reduce process cost. 
[0011] 

[Embodiments of the Invention] Hereafter, although the gestalt of operation of this invention is 
explained, this invention is not limited to the gestalt of the following operation. The semiconductor 
device of this invention has the feature in using the germanium electrode as a gate electrode which 
touches a gate insulator layer. The example which applied this invention to CMOS at drawing 1 is 
shown. 

[0012] the field to which this CMOS was separated by the isolation insulator layer 21 for example, in 
the silicon substrate 10 N a well 11 and P - a well 12 forms -- having - **** - N a well - a 
PMOS transistor P -- the NMOS transistor is formed in the well, respectively A gate insulator layer 
consists of a silicon-oxide film 23 of substrate 10 front face, and a nitride 24 which nitrided the silicon- 
oxide film 23 front face, as structure common to NMOS and PMOS both transistors on this nitride 24 
The laminating of the polycrystal silicon layer 32 as the germanium electrode 3 1 which consists of 
germanium in which the P type impurity was introduced, and an up electrode, and the offset insulator 
layer 25 which consists of silicon oxides is carried out one by one, and the insulating sidewall 26 is 
formed in these side attachment walls by the silicon oxide. Moreover, LDD 13 and 15 and the source 
drains 14 and 16 are formed in the substrate of the both sides of the gate electrode 3 1 at each transistor. 
In addition, as a germanium electrode 3 1, the mixed crystal of germanium and silicon is sufficient 
instead of germanium, and the silicide which is the alloy of a refractory metal like for example, tungsten 
silicide and silicon is sufficient instead of polycrystal silicon as an up electrode. 
[0013] Next, the effect of using the germanium of P type as a gate electrode is explained. The energy- 
band view of drawing 2 shows the work function of germanium and silicon. For Ec, in this drawing, the 
energy of the edge of a conduction band and Ev are [ donor ranking and the dashed line on Ev of the 
energy of the edge of a valence band and the dashed line under Ec ] acceptor ranking. Although a work 
function is energy required in order to take out an electron from a Fermi level into a vacuum, and the 
Fermi level into which Ec introduced the N type impurity, and Ev introduced the P type impurity here, it 
is a Fermi level. As shown in drawing 2 , after the N type impurity had degenerated, the work function 
of silicon and germanium is almost equivalent and the P type impurity has degenerated, germanium is 
smaller about about 0.5v. The Fermi level of P type germanium consists in the middle of N type silicon 
and P type silicon. 

[0014] Therefore, as shown in drawng S , when the germanium of P type is used for gate material, 
compared with the case where the polycrystal silicon of N type is used for the gate, it becomes the fall of 
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about 0.6 V with elevation of about 0.6 V, and the threshold of PMOS with the threshold of NMOS. 
Moreover, compared with the case where the polycrystal silicon of? type is used for the gate, it 
becomes elevation of about 0.5 V with the fall of about 0.5 V, and the threshold of PMOS with the 
threshold of NMOS. Therefore, since the absolute value of the threshold of NMOS and PMOS 
approximates, in order to double the absolute value of a threshold, it is not necessary to carry out the ion 
implantation of the impurity of a conductivity type contrary to a substrate to a channel field, and to form 
PN junction in it, and, as a result, buried-channel structure and a bird clapper are not. 
[0015] Thus, both PMOS transistor and NMOS transistor serve as a surface channel type, and CMOS of 
the single polar gate structure which used as the gate electrode the germanium which introduced the P 
type impurity has structure which can suppress a short channel effect. Since it is a single polar gate 
electrode, unlike the gate electrode which has introduced the impurity with which polarity differs, the 
threshold change by the counter diffusion of a gate impurity does not pose a problem. Moreover, since 
NMOS and PMOS are not buried-channel types in a surface channel type, they are advantageous to 
detailed-izing of a transistor. 

[0016] Moreover, although in the case of surface channel type NMOS which used the polycrystal silicon 
of P type for the gate it was difficult to reduce a threshold from 0.8 V even if it reduced substrate high 
impurity concentration, a surface channel type with an about [ 0.3 V ] threshold is realizable by using the 
germanium of P type as a gate material. A surface channel type with the threshold of the 0.3 V 
neighborhood can be similarly formed to NMOS. Furthermore, the threshold to the O.IV neighborhood 
is realizable by driving into a substrate front face the impurity with which polarity differs. 
[0017] Next, the manufacturing process of Above CMOS is explained. First, as shown in drawin g 4 (a), 
the isolation insulating layer 21 is formed by the usual method of covering and oxidizing thermally the 
active region of a silicon substrate 10 by the silicon nitride film. Subsequently, a silicon oxide 22 is 
formed by thermal oxidation as a pad layer which prevents contamination by the metal in the case of an 
ion implantation. Temperature uses 850 degrees C, time uses oxygen gas for 40 minutes, and the 
conditions of thermal oxidation form it in about 8nm in thickness. 

[0018] then, it is shown in drawing 4 (b) as -- the field of PMOS a resist Rl opening -- carrying 
out ion implantation a silicon substrate — for example, Lynn -- pouring in — N — a well 1 1 is 
formed The pouring conditions at this time are P and energy 300keV, and a dose is about [ 3xl012cm - ] 
two. Furthermore, Lynn is poured into a silicon substrate by ion implantation for adjustment of a 
threshold, and short-channel-effect suppression. At this time, pouring conditions are about [ P, energy 
lOOkeV, and 3x101 2cm / of doses / - 2, P, energy 30keV, and 1x1 01 2cm of doses to / 2 ]. 
[0019] Next, after removing a resist Rl, as shown in drawing 4 (c), with lithography, only the field of 
NMOS carries out opening of the resist, pours boron into a silicon substrate 10 by ion implantation, and 
forms P wells. The ion-implantation conditions at this time are about [ B, energy 200keV, and 
3x101 2cm of doses to / 2 ]. Furthermore, boron is poured into a silicon substrate by ion implantation for 
adjustment of a threshold, and short-channel-effect suppression. The pouring conditions at this time are 
B, 50keV, 3xl012cm-2, B and 15keV, and about [ lxl012cm - ] 2. 

[0020] Subsequently, after removing a resist, as it is shown in drawing 5 (d), after removing a resist, a 
rare fluoric acid solution removes a silicon oxide 22, and about 5nm of silicon oxides 23 as a gate 
insulator layer is continuously formed by thermal oxidation, for example. And in order to prevent 
oxidization of the germanium layer formed in a degree, a silicon oxide 23 is nitrided and a nitride 24 is 
formed. The gate insulator layer consists of these silicon oxides 23 and nitrides 24. Next, about 50nm of 
ge nnanium layers 31 is deposited by CVD, for example, and about J_50nrn_orpolyciystal silicon layers 
35Tslieposited further, for example. In this c a se, th e mixed crysta l of germanium and silicon mav be 
for med instead ^ f germanium, and the silicid e whi cTTis the alloy or a refractory m etal like for exani ple, 
t ^ngst en-Silicide ^d silicon may be formed mstead of polycrystdsilicory 

[0021] And anion implantation is performed m the germanium layer 3 1 here, and a P type impurity is 
introduced into the germanium layer 31. The pouring conditions at this time are about [ BF2, energy 
20keV, and 3x101 5cm of doses to / 2 ]. Furthermore, as shown in drawing 5. (e), about 150nm of silicon 
oxides 25 is deposited by CVD as an offset insulator layer, for example. 
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[0022] Next, as shown in drawing 5 (f), a resist is formed with lithography, by anisotropic etching, it 
**********s in order of the offset insulator layer 25, the polycrystal silicon layer 32 , and the 
g ermanium layer 3j^, and a gate pattern is formed. And'orHyTPMOSTield carries out opening of the 
resist with lithography, and it is BF2 to a silicon substrate by ion implantation because of LDD 
formation. It pours in. The pouring conditions at this time are BF2, lOkeV, and about [ 5xl013cm - ] 2. 
Furthermore, only an NMOS field carries out opening of the resist with lithography, and arsenic is 
poured into a silicon substrate by ion implantation for LDD formation. The pouring conditions at this 
time are As, 15keV, and about [ 3xl013cm - ] 2. It becomes the structure where LDD as shown in 
drawi n g 5 (f) was formed by this. 

[0023] Next, after removing a resist and depositing about ISOnm of silicon oxides by the CVD in a 
conventional method, for example, etchback of the silicon oxide is carried out by anisotropic etching, 
and as shown in drawing 6 (g), the sidewall 26 of a silicon oxide is formed. 

[0024] And as shown in drawing 6 (h), about lOnm of silicon oxides 27 is deposited by the low voltage 
TEOSCVD method, for example. Next, only a PMOS field carries out opening of the resist R3 with 
lithography, and it is BF2 to the polycrystal silicon layer 32 and a silicon substrate 10 by ion 
implantation. It pours in and the source drain 14 is formed. The pouring conditions at this time are BF2, 
lOkeV, and about [ 3xl015cm - ] 2. Boron is not injected into the germanium electrode 31 by the offset 
insulator layer 25 at this time. 

[0025] Next, as shown in drawing 6 (i), only the field of NMOS carries out opening of the resist R4 with 
lithography, by ion implantation, arsenic is poured into the polycrystal silicon layer 32 and a silicon 
substrate 10, and the source drain 16 is formed. The pouring conditions at this time are about [ As, 
energy 20keV, and 3xl015cm of doses to / 2 ]. Arsenic is not injected into the germanium electrode 3 1 
by the offset insulator layer 25 at this time. 

[0026] CMOS shown in dmwing.l can be obtained according to the above process. Then, lamp 
annealing performs 950 degrees C and heat treatment for 10 seconds under nitrogen-gas-atmosphere 
mind. Hereafter, silicide and contact , and wiring are formed by the conventional method. CMOS which 
consists of single polar gate electrodes by surface channel type NMOS and PMOS is producible with the 
above process. Since have good control of striking the impurity in any direction and it has not been 
carried out to the gate electrode, the number of processes decreases and it is advantageous in cost. 
[0027] Although the above explanation explains the example which applied this invention to CMOS, 
this invention can be variously changed in the range which is not limited to CMOS, and can apply to the 
transistor of other MOS structures, in addition does not deviate from the summary of this invention. 
[0028] 

[Effect of the Invention] The semiconductor device of this invention enables production of surface 
channel type NMOS and PMOS by the single polar gate electrode. Moreover, the manufacture method 
of the semiconductor device of this invention can manufacture this semiconductor device certainly. 



[Translation done.] 
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